» 



Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0519138 A2 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 91312100.0 
© Date of filing: 31.12.91 



© Int. CIA C09D 11/00 



© Priority: 17.06.91 US 716429 

© Date of publication of application: 
23.12.92 Bulletin 92/52 

© Designated Contracting States: 
DE FR GB IT 



© Applicant: TEKTRONIX INC. 

Howard Vollum Park 14150 S.W. Karl Braun 
Drive P.O.Box 500, Mail Stop 50-PAT 
Beaverton Oregon 97077-0001 (US) 

@ Inventor: Jaeger, Wayne C. 
16151 Deline Court 
Beaverton, Oregon 97007(US) 
Inventor: Sheley, Curtis F. 
3415 NW Roosevelt Drive 
Corvallis, Oregon 97330(US) 



© Representative: Lawrence, Malcolm Graham 
et al 

Hepworth, Lawrence, Bryer & Bizley 2nd 
Floor Gate House South, West Gate 
Harlow Essex CM20 UN(GB) 



© Phase change ink colorants and phase change inks produced therefrom. 



CM 
< 

00 

CO 



0> 



Q. 
HI 



© This invention relates to modified phase change ink compatible colorants which comprise a phase change 
ink soluble complex of (a) a tertiary alkyi primary amine and (b) dye chromophores, i.e., materials that absorb 
light in the visible wavelength region to produce color having at least one pendant acid functional group in the 
free acid form (not the salt of that acid). These modified colorants are extremely useful in producing phase 
change inks when combined with a phase change ink carrier, even though the unmodified dye chromophores 
have limited solubility in the phase change ink carrier. Thin films of uniform thickness of the subject phase 
change ink compositions which employ the modified phase change ink colorants exhibit a high degree of 
lightness and chroma. The primary amine-dye chromphore complexes are soluble in the phase change ink 
carrier and exhibit excellent thermal stability. 
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res rc:^ kss i\- ^ *- - - - — 

whether the phase change ink printed on a subTate wfll Ll^T" 9 t "* m *> ,6St which determin <* 
elevated temperatures when the printed pn^S^-SjfT ***** « "*•« or 

conducted by printing samples of the T*JZZ ^ T° °" t0f> ° f the other - ^ blocking test is 
paper or thin fi.m substrate and pTacl fZ ^J^T^ ^ *» ^ COm P° si «°" « to a 
inches wide and 11 inches long which Z^SSZ!^ !' ' ^ P ° Und P ' eCe 0f * * 

samples reside in an oven for 24 hours at a co 22? 7** * ' 10 pound b,0ck - These P**d 
change ink were subjected to the Xvf deSb^b nTT! ° f 7 °' C Print Samp,es of ^ phase 
spreading or adhesion. descnbed block.ng test and showed no signs of offsetting, 

nJllSJSSSSK ltk S Iet C 2 a e n vfc e e an'd o^Sf ^ ^ ° f ^ m0,ten » — * 
For purposes of this invention, the viscosity of he ££222 T™ ^ PhySiCa ' pr0perties of *• »■ 
Plate Viscometer with a .arge cone, ft h pSiSTl? ^ ' nk ,s measured °" ^erranti-Shirtey Cone 
composition, at 140- C. and in turn me ink comSln S £ ■T' ° f the Ph3SS Cha " 9e ink «*r 
and more preferably from about 10 to 20 cenZise 11? 'k?? 0 "* ' S fr ° m ab0Ut 5 t0 30 °«ttpotee. 

The foHowing Examp.es. illustrate ^Z^T^^ZT " * " 
EXAMPLE 1 

alternate method for forming ^ P ^Z t^ZaT^ * b * W (Meth ° d A > and « 
process (Method B). 96 mk Colorant ,n s,tu d "™9 the phase change ink formation 

Whatman number 40 fitter paper. ZZ somTZTmJVT T""™ "* 
st.rnng. A green, crystalline precipitate of IhTSdtan^L - .°* concentrated sulfuric acid with 
m,xture was chilled to 5-10 deg C overnight to comn J«T y<> f ° rmed im ^^- The acidified 

541 paper, the green precipiSe St^TS?* *T* " umber 

salts and the product dried under vacuum. The ySd Tol S 2 P Tf ° f C °' d W3ter t0 remove 
amounted to 4.8 g. me y,e,d of free ac'° form of C.I. Acid Red 52 colorant 

pJ2 8^rT^^^ iS formed b V a " ^sociation of the dye with the 

acid form of C... Acid red H p22JS Cih* p P Preparation ' 50 9- Neolan Red E-XB 4u0 STS 
molecular wt. = 2,3, in 50 m.TmeTano Z'^lTJ"^ 175 9rams Pimena 81 -R 
solvent was removed using a rotary 22^^1^212^ """"^ * ^ The 
methanol solvent under a rough pump'vac u ^ S^Ti Rem ° Va ' - '** fraces of 
Pnmene complex. This material, referred to as RhooS is ST k 9W8n CrySta,s 01 the 

earner composition as provided in EXAMPLE 2 m '" e Pl ,s then combined with a phase change ink 

EXAMPLE 2 is warmed to 100-120 deg CwS ££ S2L2T * ^ COmp0sition de **bed in 
by we,ght) of Primene 81-R. followed LmeSiaCoS h £2,°?! T T ° "* ' S added " 9 " < 0 ^ 
free acd form of C.I. Acid Red 52 colorant 51? °' 8 4 9rams (a6 ° % b V weight) of the 

time, the ink preparation was fc^^^ ao "~. Con ; nu8d anothar 5 """utes. At the e'nd of this 
apparatus 6.0 cm i.d. by 42 cm. length. A 02 ' micmn nln ,tr09e " pressure trough a heated Mott filter 
stainless steel disc serves as the fifterVtement * ,ilter supported on ■ ^0 micron 



50 EXAMPLE 2 



65 



This example demonstrates a method of n««w.. 
preferred phase change ink colorant Z£SE£SS^^ ink by «-**8 the 

ink earner composition. txAMPLE 1 . Method A and a preferred phase change 

^'S^,1S^rr»-«« PH^ c te were produced as 
teed we-amid. ™w« ««lleto^SSf^ ° n " 62 ,. Dimer add- 
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and 0.1 grams of Naugard 524 were melted at 110 degrees C. When the mixture was completely molten 
and uniform, 0.75 grams of the Rhodamine P dye (the free acid form of C.I. Acid Red 52 colorant 
complexed with 1 equivalent of Primene 81 -R) were added to the molten ink carrier and stirred at 100 
degrees C. for about one hour. After a homogeneous solution of the material was achieved, the molten ink 
was filtered through a heated filter. The filtrate was poured into molds and allowed to solidify. Solid ink 
ingots of the magenta colorant were formed. 

The above procedure was repeated with the other primary colorants required for ink jet color printing 
being substituted for the magenta colorant as follows: 0.9 grams of Orasol Yellow 4GN (C.I. Solvent Yellow 
146 from Ciba-Geigy) to produce yellow solid ink ingots; 1.0 grams of Savinyl Blue GLS (C.I. Solvent Blue 

44 from Sandoz) to produce cyan solid ink ingots; and 1.4 grams of Savinyl Black RLS-IJ (C.I. Solvent Black 

45 from Sandoz) to produce solid black ink ingots. 



EXAMPLE 3 

75 This example demonstrates the high chroma (C* ab ), and n '9 n * nk thermal oxidation stability of the phase 
change ink compositions produced through the use of the phase change ink colorants of the present 
invention. 
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COLOR MEASUREMENTS OF PRINT SAMPLES 

The reflectance spectra test data for the primary and secondary colors are listed in Table 1 below. 
(Measurement conditions were: Illuminate C, 2 degree observer, small area view, specular included, 
wavelength interval 10 nm.) 
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Color 


L* 


A* 


B* 


DL* 


Da* 


Db* 


DC'ab 


Hat 


Black 


23.69 


1.86 


-2.57 


-69.68 


0.95 


-0.58 


0.99 


305.82 


Cyan 


58.03 


-27.36 


-39.38 


-35.34 


-28.26 


-37.39 


45.77 


235 .2* 


Magenta 


55.40 


85.43 


-22.78 


-37.96 


84.52 


-20.79 


86.23 


345.07 


Yellow 


89.51 


-17.72 


88.39 


-3.85 


-18.62 


90.38 


87.97 


101 .33 


Red 


53.44 


65.71 


40.07 


-39.92 


64.80 


42.05 


74.77 


31 .37 


Green 


54.67 


-66.81 


31.98 


-38.70 


-67.72 


33.97 


71.89 


154.42 


Blue 


33.88 


43.45 


-48.42 


-59.49 


42.55 


-46.43 


62.88 


311.91 


Paper 


93.37 


.90 


-1.99 
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The phase change ink carrier composition and the magenta ink compositions of this invention have very 
high lightness (L*) and chroma (C ab ) values. 

INK THERMAL OXIDATION STABILITY TEST 



50 



55 



In a typical test of the stability of a phase change ink composition, 800 grams of a molten ink sample 
was added to a one liter Erlenmeyer flask. A 23 cm Pasteur disposable borosiiicate glass pipet is inserted 
into a two hole Teflon cap taped on the top of the flask, such that the pipet tip is about 1 cm off the bottom 
of the flask. Filtered air is blown through the pipet at the rate of 470 cc per minute. The flask is placed in an 
oven at 145 degrees C. The cooling effect of the air keeps the actual ink temperature at about 140 degrees 
C. The ink is heated and sparged typically between 120 to 140 hours. 

Spectral strength of the phase change ink colorant in the ink is determined on a Perkin Elmer Lambda 
3B Spectrophotometer. An acceptable colorant will have lost less than 10% of its spectral strength under 
the above vigorous conditions. 

The phase change ink produced in accordance with the procedure outlined in EXAMPLE 2 was tested 
by the above procedure, and was found to have lost less than 10% of its spectral strength. 

EXAMPLE 4 



This example demonstrates the high degree of lightness (L*) of the phase change ink carrier and ink 
composition, and the high chroma (C* ab ) of the phase change ink composition of the present invention. 
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■^ESEjasssLS Err"* 

sewed by a space of about 20 ^ . ' "•«"•*«»»• r*ed so that the Dlate for^c 

entry lips. A sample of each of the yellow mal?! ™ " *" inCh * the °^ Z 
Example 1 were added to the space by pSLTS^fJ!^ **" Chan9 ° ink in 9°ts described^ 
temperature of ,06'C. At thai tempered IZZrll ^ The ^ were then he2T to a 
between the plate faces by capillarv action tk . C3me molten and «owed into the soacTZ! * 
^ of a subs,antia..y uni Jm th ££Z JSS? ^ ** ^ *"»• ink ^ a pK £2 
color are listed in Table 1 below. (Mea^u iESF ,ranSmission test data for SSS 

area v.ew. specular included. wavele^ZaMO nm , " '""^ °' 2 **- «*^TS3 

TABLE B 



Sample 



Glass only 
Glass with ink carrier 
Glass with cyan ink 
Glass with magenta ink 
Glass with yellow ink 
Glass with black ink 



92.34 

86.51 

75.48 

56.01 

86.81 

19.45 



a* 



-1.65 
-0.64 
-29.85 
69.12 
-14.66 
7.48 



b* 


Cab 




1.80 


2.44 


132.57 


4.54 


4.58 


98.03 


-17.18 


34.44 


209.91 


-39.24 


79.48 


330.41 


55.04 


56.96 


104.91 


-13.02 


15.01 


299.89 
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«9h«ness M values, while the L« X^L^l V* * thiS in ™«™ "*d relatively hiah 
cyan ,„ ks of tnis inventjon R • - «JH b ^-« relatively low high for the yellow, nJSLS! 

-od.f.ed ,n arrangement and detai, without ** "* ** ^ « * 
Claims 

1 cUS w^a . • "odfled phase change in k colorant in 

react.on product of (a) a tertiary alkyl primarv all ! Cha " 9e ink co,ora "« comprising the 

Pendant Junctional free acid g^p "-ing at^o^e 

the ternary primary amine, having a low decree of J? 0 "' 0 " 1 ^" 0 "*. prior to the reaction with 

elevated operating temperature and thin film?! 8 a \ amb,ent tem perature and in a liquid phase at an 

2. A composition as claimed in Claim 1 h 

tertiary primary amine, comprise C. <^^Z2Z^«~ * *° ™«™ •* *• 

aye,anotnerC 'AciddyeoraC.l.directdye. 



(CH 3 CH,hN 




<N(CH 2 CH 3 h 



SOjH 
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5. A composition as claimed in any preceding claim wherein said tertiary alkyl primary amine is 
represented by the formula:- 



I * 

CH 3 (CH 2 ) X C (CH 2 ) y CH 3 
(CH 2 ) Z CH 3 

70 

wherein X = 0 - 18, y = 0 - 18, z = 0 - 18 and x + y + z = 8 to 18. 

6. A composition as claimed in any preceding claim wherein said tertiary alkyl primary amine has a total 
of from 12 to 22 carbon atoms. 

75 

7. A composition as claimed in any preceding claim which comprises a solvent-soluble magenta dye 
which exhibits an intense, saturated color and a high degree of thermal stability. 

8. A composition as claimed in any preceding claim wherein (i) the modified phase change ink colorant is 
20 a subtractive primary yellow color phase change ink and wherein a substantially uniform thin film of 

about 20 microns thickness of a subtractive primary yellow color phase change ink composition 
produced from said colorant has a C* ab value of at least about 40, (ii) the modified phase change ink 
colorant is a subtractive primary magenta color phase change ink and wherein a substantially uniform 
thin film of about 20 microns thickness of a subtractive primary magenta color phase change ink 

25 composition produced from said colorant has a C* 8 b value of at least about 60; (iii) the modified phase 
change ink colorant is a subtractive primary cyan color modified phase change ink and wherein a 
substantially uniform thin film of about 20 microns thickness of a subtractive primary cyan color 
modified phase change ink composition produced from said colorant has a C* ab value of at least about 
25; or (iv) the modified phase change ink colorant is a black color modified phase change ink and 

30 wherein a substantially uniform thin film of about 20 microns thickness of a black color modified phase 
change ink composition produced from said colorant has an L* value of not more than about 35, 
preferably not more than about 30. 

9. A composition as claimed in any preceding claim wherein thin films of uniform thickness of said ink 
35 composition are recti linearly light transmissive. 

10. A phase change ink compatible colorant complex for combination with a phase change ink carrier, said 
complex being obtainable by reacting at least one tertiary alkyl primary amine with one or more dye 
chromophores having each at least one pendant functional free acid group and each chromophore in 

40 non-complexed form demonstrating poor solubility in said carrier. 

11. A phase change ink composition comprising a phase change ink carrier and a colorant complex as 
claimed in Claim 10. 

45 12. A process for producing a phase change ink composition as claimed in Claim 11 which process 
comprises either (i) combining the phase change ink carrier with said colorant complex to form said ink 
composition or (ii) combining the phase change ink carrier with said tertiary alkyl primary amine, 
combining the resulting mixture with the dye chromophore and allowing or causing the chromophore to 
undergo an in situ complexing reaction with said amine. 
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© Phase change ink colorants and phase change inks produced therefrom. 

© This invention relates to modified phase change 
ink compatible colorants which comprise a phase 
change ink soluble complex of (a) a tertiary alkyl 
primary amine and (b) dye chromophores, i.e., ma- 
terials that absorb light in the visible wavelength 
region to produce color having at least one pendant 
acid functional group in the free acid form (not the 
salt of that acid). These modified colorants are ex- 
tremely useful in producing phase change inks when 
combined with a phase change ink carrier, even 

<v> though the unmodified dye chromophores have limit- 

^ ed solubility in the phase change ink carrier. Thin 

qq films of uniform thickness of the subject phase 

O change ink compositions which employ the modified 

^" phase change ink colorants exhibit a high degree of 

g) lightness and chroma. The primary amine-dye 

t— chromphore complexes are soluble in the phase 

W change ink carrier and exhibit excellent thermal sta- 
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